Background {#Sec1}
==========

There is an increasing number of end-stage renal disease (ESRD) patients around the world. It was reported that the population of ESRD patients was more than 762,331 in 2016 according to the US Renal Data System 2018 Annual Data Report \[[@CR1]\]. Peritoneal dialysis (PD) is an effective therapy for ESRD. Although there are some advantages of PD, the survival rate of PD patients remains inadequate. Hong Kong, which has the largest proportion of PD patients in the world, reported that the overall 5-years cumulative survival for PD patients was 50.7% in 2012 \[[@CR2]\]; therefore, the risk factors associated with the mortality of PD patients are discommode.

The measured serum total protein includes albumin, globulin and prothrombotic proteins, prothrombin, fibrinogen, and other inflammatory proteins (e.g, C-reactive protein \[CRP\], interleukins, leukotrienes, and others) \[[@CR3]\]. The albumin-globulin ratio (AGR), frequently reported in the comprehensive blood panel, calculated with the following equation: AGR = Albumin / \[Total Protein-Albumin\], is actually a reflection of all non-albumin proteins, which includes globulin and other prothrombotic proteins and inflammatory proteins \[[@CR3]\].

Albumin functions include maintaining plasma colloid osmotic pressure, transporting substances, and acting as an antioxidant \[[@CR4]\]. Serum albumin can reflect both inflammatory and malnourished status \[[@CR5]\]. A low serum albumin level is a key characteristic of protein-energy wasting (PEW), which is common and an important risk factor for morbidity and mortality in patients on dialysis \[[@CR6], [@CR7]\]. Immunoglobulins, represent a major portion of the globulin involved in immunologic and inflammatory processes \[[@CR8]\]. Inflammation was related to the prognosis of ESRD patients, that inflammatory cytokines and CRP were reported as strong predictors of a poor outcome in dialysis patients \[[@CR9], [@CR10]\]. Recent studies suggested that AGR was associated with adverse outcomes in patients with different types of cancer \[[@CR11], [@CR12]\] and some other diseases such as polyangiitis and heart failure \[[@CR13], [@CR14]\]. However, there was a lack of direct clinical evidence for the association of AGR and outcomes of PD patients. In this retrospective observational cohort study, we tested the hypothesis that AGR is a predictor of mortality in PD patients.

Methods {#Sec2}
=======

Study population {#Sec3}
----------------

This study employed 602 PD patients from January 1st, 2008 to December 31st, 2017 at the Zhujiang Hospital of Southern Medical University. The inclusion criteria were patients aged over 18 years old and under PD treatment for at least 90 days. Those who had any of the following characteristics were excluded: 1) patients transferred from hemodialysis (HD), renal transplantation or other centers; 2) patients with a malignant tumor before PD; 3) patients with liver cirrhosis, rheumatic disease, or consuming immunosuppressor medicine; 4) patients with acute infection within 3 months of PD therapy or had other chronic inflammation; 5) patients with insufficient data of AGR (Fig. [1](#Fig1){ref-type="fig"}). Fig. 1The flow chart of the study, including how patients selected and their outcomes. *PD* = Peritoneal dialysis, *HD* = Hemodialysis, *AGR* = Albumin-globulin ratio, *CVD* = Cardiovascular disease

Clinical and laboratory data collection {#Sec4}
---------------------------------------

The baseline data were collected during the first 1--3 months of PD. The total protein was measured through the biuret method and albumin was measured through the bromocresol green method in our hospital (Roche P800 and Mindray BS2000). The AGR was calculated by the following formula: AGR = Serum albumin / \[Total serum protein-serum albumin\] \[[@CR11]\]. The definition of a diabetes patient was a patient who meets the diagnostic criteria of the American Diabetes Association \[[@CR15]\]. A diagnosis of hypertension could be made if a patient was taking a hypotensor or their blood pressure ≥ 140/90 mmHg. The comorbidity score was assessed by the Charlson Comorbidity Index (CCI), and for each decade \> 40 years of age, a score of 1 is added to the CCI score \[[@CR16]\]. Total Kt/V was calculated using PD Adequest software 2.0 (Baxter Healthcare Ltd.). Average peritoneal dialysate glucose concentration (PDGC) was calculated as the total weight of glucose in the PD solution divided by the total solution volume, as previously reported \[[@CR17]\].

The end point of the study was cessation of PD, death, or on December 31st, 2018, whichever came first. The primary outcome was all-cause mortality. The second outcome was cardiovascular mortality**,** which was defined as death caused by heart failure, cardiac arrhythmia, coronary arteriosclerotic heart disease, cardiomyopathy, congenital cardiovascular diseases, valvular heart disease, cardiac arrest, stroke, and peripheral vascular disease \[[@CR18]\]. If a patient died in hospital, the death certificate was referred to for the exact cause of death. For those who died outside of the hospital, two clinical doctors made a decision about the cause of death, after a comprehensive review of the patient's medical records and descriptions provided by the patient's family members.

Statistical analysis {#Sec5}
--------------------

IBM SPSS Statistics 20.0 software (SPSS Inc., Chicago, IL, USA) and R were applied to complete the statistical analysis. Data are described as number (percentage) for categorical variables, mean ± standard deviation for normally distributed variables, and median (inter-quartile range) for skewed distributed variables. Patients were divided into two groups according to the median of AGR. The characteristic differences between the baseline data of the two groups were compared using the T-test, Chi-square test, or Mann-Whitney U test, as appropriate. The association between AGR and clinical characteristics and laboratory data was analyzed using Spearman's rank correlation analysis. Kaplan-Meier curves were performed to present the survival time of the two groups, and the differences were assessed by log-rank test. While taking the competitive risks of drop out due to causes other than death into consideration, Gray's test was used to compare the difference of cumulative mortality incidence between the two groups using R. Covariates with *p* \< 0.1 in the univariate Cox analyses or thought to be related to AGR levels were chosen for multivariate Cox regression model. *P* \< 0.05 was considered to be statically significant. Power calculations were performed using PASS, version 11.0 for Windows.

Results {#Sec6}
=======

Baseline characteristics of patients {#Sec7}
------------------------------------

Six hundred-two PD patients met the inclusion criterion and were incorporated into this study, among these patients, 37 patients were on automated PD. Conventional PD solutions (Dianeal 1.5, 2.5 or 4.25% dextrose, Baxter Healthcare, Guangzhou, China) Y-set twin-bag systems were utilized in continuous ambulatory PD (CAPD) patients. The median of AGR was 1.25. Patients whose AGR ≤ 1.25 were entered into the low AGR group, and all others were included in the high AGR group. Baseline characteristics of the two groups are summarized in Table [1](#Tab1){ref-type="table"}. The patients in the low AGR group were older, had a larger number of females and diabetes, as well as higher levels of CCI, leukocytes, serum globulin, platelet counts, red cell distribution width (RDW), and albumin-corrected calcium, but had a lower levels of serum albumin, phosphorus, creatinine, and urea nitrogen. The analysis of Spearman's rank correlation showed that AGR level negatively correlated with age, CCI, total protein, leukocytes, platelet counts, RDW, and albumin-corrected calcium. In addition, AGR positively correlated with serum albumin, phosphorus, creatinine, and urea nitrogen. Serum albumin positively correlated with total protein, hemoglobin, serum creatinine, and urea nitrogen, and negatively correlated with age, CCI, and RDW. In addition, globulin positively correlated with total protein, age, CCI, leukocytes, platelet counts, RDW, and glucose, and also negatively correlated with serum creatinine and urea nitrogen (Table [2](#Tab2){ref-type="table"}). Table 1The clinical characteristics of patients on peritoneal dialysis grouped by albumin-globulin ratioVariableTotalLower AGRHigher AGR*p*Demographics Gender (male, n, %)356 (59.1%)171 (54.8%)185 (63.8%)0.025 Age (y)50.33 ± 14.6353.88 ± 13.1446.52 ± 15.20\< 0.001 Body mass index (kg/m^2^)22.97 ± 3.3222.99 ± 3.2822.96 ± 3.380.915Primary disease primary glomerular diseases(N,%)349 (58.0%)168 (53.8%)181 (62.4%) Diabetic nephropathy(N,%)91 (15.1%)64 (20.5)27 (9.3%) hypertensive nephropathy(N,%)57 (9.5%)28 (9.0%)29 (10.0%) Obstructive nephropathy(N,%)70 (11.6%)37 (11.9%)33 (11.4%) Other(N,%)35 (5.8%)15 (4.8%)20 (5.9%)Comorbidities CVD (N,%)153 (25.4%)85 (27.2%)68 (23.4%)0.285 Diabetes (n,%)141 (23.4%)91 (29.2%)50 (17.2%)0.001 CCI Score3.00 (3.00)4.00 (2.00)3.00 (2.00)\< 0.001 Hypertension(N,%)556 (92.4%)289 (92.6%)267 (92.1%)0.796Laboratory variables Leukocytes(10^9^/L)6.85 (2.34)7.07 (2.71)6.72 (2.21)0.009 Hemoglobin (g/L)97.13 ± 13.7196.82 ± 13.5297.47 ± 13.930.559 Platelet(10^9^/L)236.20 ± 77.69250.40 ± 82.03220.87 ± 69.65\< 0.001 RDW(%)14.95 (2.21)15.25 (2.39)14.73 (2.15)\< 0.001 Blood glucose (mmol/L)4.50 (1.03)4.52 (1.24)4.49 (0.89)0.154 Albumin-corrected calcium (mmol/L)2.24 (0.21)2.26 (0.20)2.23 (0.20)0.036 Phosphorus (mmol/L)1.66 (0.62)1.62 (0.53)1.72 (0.67)0.018 Serum Globulin (g/L)26.47 ± 4.6729.30 ± 4.0723.42 ± 3.08NA Serm Albumin (g/L)32.58 ± 4.2230.89 ± 3.9134.41 ± 3.77NA Cholesterol (mmol/L)4.37 (1.01)4.37 (1.14)4.35 (0.92)0.515 Triglycerides (mmol/L)1.43 (0.96)1.43 (0.97)1.43 (0.91)0.470 Serum uric acid (μmol/L)432.12 ± 89.07430.00 ± 88.57434.41 ± 89.700.544 Serum creatinine (μmol/L)792.84 (332.21)758.25 (307.50)832.77 (351.44)\< 0.001 Urea nitrogen (mmol/L)19.50 (7.36)18.91 (6.90)20.14 (7.85)0.002 24 h urine (ml)846.31 (600.00)846.31 (642.50)846.31 (562.50)0.562 Peritoneal dialysate volume(L/day)7.97 ± 0.837.99 ± 0.877.95 ± 0.780.484 Total KT/V2.15 (0.85)2.20 (0.73)2.06 (0.89)0.058 PDGC(%)1.50 (0.25)1.50 (0.25)1.50 (0.00)0.002Abbreviations: *AGR* Albumin-globulin ratio*, CVD* Cardiovascular disease, *CCI* Charlson comorbidity index, *RDW* Red cell distribution width, *PDGC* Peritoneal dialysate glucose concentration, *NA* Not applicableTable 2Correlation between baseline AGR and clinical, laboratory parametersAGRAlbuminGlobulinTotal proteinAgeCCILeukocytesHemoglobinPlateletRDWGlucosePhosphorusAlbumin-corrected calciumUrea nitrogenAlbumin0.518^b^Globulin−0.759^b^0.012Total protein−0.149^b^0.583^b^0.722^b^Age−0.319^b^−0.305^b^0.146^b^−0.114^b^CCI−0.299^b^−0.331^b^0.114^b^−0.143^b^0.804^b^Leukocytes−0.133^b^−0.0540.150^b^0.091^a^0.0730.081^a^Hemoglobin0.0770.189^b^0.0120.113^b^0.0090.0280.071Platelet−0.212^b^0.0160.257^b^0.186^b^0.112^b^0.088^a^0.421^b^−0.029RDW−0.186^b^− 0.172^b^0.092^a^− 0.0470.092^a^0.0440.076−0.246^b^0.022Glucose−0.091^a^− 0.040.089^a^0.0440.289^b^0.351^b^0.065−0.093^a^0.125^b^0.011Phosphorus0.144^b^0.186^b^−0.0240.131^b^−0.407^b^−0.377^b^− 0.011−0.092^a^− 0.0260.042− 0.189^b^Albumin-corrected calcium−0.109^b^− 0.0450.0730.0120.0760.07−0.0180.184^b^0.132^b^−0.097^a^0.103^a^−0.235^b^Urea nitrogen0.174^b^0.116^b^−0.125^b^0.001−0.285^b^−0.308^b^− 0.090^a^−0.179^b^−0.145^b^0.038− 0.121^b^0.609^b^−0.139^b^Serum creatinine0.210^b^0.111^b^−0.140^b^0.011−0.463^b^−0.428^b^− 0.011−0.176^b^−0.093^a^0.059− 0.214^b^0.645^b^−0.223^b^0.574^ba^ Correlation is significant at the 0.05 level (2-tailed)^b^ Correlation is significant at the 0.01 level (2-tailed)Abbreviations: *AGR* Albumin-globulin ratio, *CCI* Charlson comorbidity index, *RDW* = Red cell distribution width

AGR and mortality {#Sec8}
-----------------

For the entire cohort, the median follow-up time was 32.17 (interquartile range = 32.80) months. By the deadline of follow-up, 87 (14.4%) participants converted to hemodialysis; 33 (5.5%) patients had renal transplantation; and 11(1.8%) were lost to follow up. A total of 131 (21.8%) deaths occurred, 57 (43.5%) of which were caused by CVD (Fig. [1](#Fig1){ref-type="fig"}). At the end of 1, 3, 5, 7 and 10 years, the cumulative survival rate was 94, 74, 60, 44, and 11%, respectively, in the low AGR group and 98, 88, 81, 73, and 64%, respectively, in the high AGR group; the cardiovascular cumulative survival rate was 97, 88, 80, 72, and 48%, respectively, in the low AGR group and 99, 96, 93, 85, and 79%, respectively, in the high AGR group. The Kaplan-Meier curves presented significant differences in all-cause mortality (log-rank = 24.84, *p* \< 0.001) and cardiovascular mortality (log-rank = 14.02, *p* \< 0.001) of the two AGR groups (Fig. [2](#Fig2){ref-type="fig"}). Furthermore, when considering drop out due to other causes as competitive risks, the risk of cumulative mortality incidence was significantly higher in patients in the low AGR group than in the high AGR group (Gray test 25.28, *p* \< 0.001) (Fig. [3](#Fig3){ref-type="fig"}). Fig. 2Crude analyses of all-cause and cardiovascular mortality between AGR groups. Cumulative mortality curves for (**a**) all-cause mortality, and (**b**) cardiovascular mortalityFig. 3The cumulative incidence of mortality between AGR groups

The association between AGR level and all-cause mortality and cardiovascular mortality are listed in Table [3](#Tab3){ref-type="table"}. In crude analysis, the patients with low AGR had a significantly increased risk of all-cause and cardiovascular mortality \[Hazard Ratio (HR): 2.50, 95% Confidence interval (CI): 1.72--3.63, *p* \< 0.001 and HR: 2.88, 95% CI: 1.62--5.14, *p* \< 0.001 respectively\]. After adjustment for potential confounders, low AGR level was still associated with an increased all-cause and CVD mortality \[HR: 1.57, 95% CI: 1.07--2.32, *p* = 0.022 and HR: 2.01, 95% CI: 1.10--3.69, *p* = 0.023, respectively\]. Table 3Association between baseline AGR and all-cause and cardiovascular mortalityAll-cause mortalityCardiovascular mortalityHR(95%CI)*p*HR(95%CI)*p*Unadiusted AGR ≤ 1.25 vs2.50 (1.72--3.63)\< 0.0012.88 (1.62--5.14)\< 0.001 AGR \> 1.2611Model 1^a^ AGR ≤ 1.25 vs1.80 (1.24--2.62)0.0022.18 (1.22--3.91)0.009 AGR \> 1.2611Model 2^b^ AGR ≤ 1.25 vs1.57 (1.07--2.32)0.0222.01 (1.10--3.69)0.023 AGR \> 1.2611Abbreviations: *AGR* = Albumin-globulin ratio, *HR* = Hazard ratio, *CCI* = Charlson comorbidity index, *RDW* = Red cell distribution width, 95%*CI* = 95% Confidence interval^a^ Adjusted for sex and CCI^b^Adjusted for model1 covariates and leukocytes, hemoglobin, platelet, RDW, phosphorus, albumin-corrected calcium, serum creatinine, urea nitrogen, serum uric acid, peritoneal dialysate glucose concentration

Discussion {#Sec9}
==========

In this respectively study of 602 adult incident PD patients, we found that lower AGR levels were associated with comorbidities, impaired immunonutritional status, and prothrombotic status, including lower serum albumin, higher leukocytes, higher creatinine, higher urea nitrogen, higher platelet count, and higher RDW. Compared to patients with AGR \> 1.26, the all-cause and CVD mortality risks were increased in patients with an AGR ≤ 1.25 even after adjusting for potential confounders. Therefore, AGR may be a useful parameter in identifying patients at risk of mortality.

The association of AGR and mortality had been reported by previous studies on varied populations, including non-ST elevation myocardial infarction \[[@CR19]\], colorectal cancer \[[@CR20], [@CR21]\], hepatocellular carcinoma \[[@CR22]\], and early-stage non-small cell lung cancer \[[@CR23]\]. Suh et al. reported low AGR was a risk factor for cancer incidence and mortality, both in the short- and long terms, in 26,974 healthy patients \[[@CR24]\]. In this study, we demonstrated that lower AGR was associated with higher all-cause and CVD mortality in PD patients. These data indicated that AGR could be a risk factor for all-cause and CVD mortality in PD patients.

Significant older age, higher prevalence of diabetes, and higher level of CCI have been found in patients with lower AGR, which suggests an association of AGR with traditional mortality risk, including disease burden. These findings are consistent with the previous studies \[[@CR19], [@CR25]\]. Beamer et al. found diabetes was more common in patients with lower AGR and presumed low AGR as a marker of severity of the pathophysiological changes related to chronic disease, such as diabetes \[[@CR25]\]. In additional, Beamer et al. noted that acute stroke patients with a low AGR appeared to experience a preponderance of recurrent vascular events \[[@CR25]\]. A low AGR could be the consequence of transcapillary albumin loss \[[@CR26]\], such as proteinuria. Proteinuria was associated with an increased risk for cardiovascular events and acute cerebrovascular disease, even in the general population \[[@CR27], [@CR28]\]. Therefore, patients with low AGR may indicate vascular damage.

This study revealed that AGR negatively correlated with leukocytes, which indicated that the higher risk of mortality in the low AGR group might be partly due to inflammation. Proinflammatory cytokines were inversely correlated with serum albumin in patients treated with peritoneal dialysis, suggesting hypoalbuminemia could be regarded as a marker of inflammation in dialysis patients \[[@CR29], [@CR30]\]. Serum albumin in PD patients is always lower than healthy people, and the results present 428 patients had a level of albumin \< 35 g/L. It was reported that a low albumin level was associated with increased PD mortality \[[@CR31], [@CR32]\]. Furthermore, Filipa et al. found that ESRD patients who had a low albumin level and high C-reactive protein (CRP) had a significantly higher mortality. However, the mortality of those with a low albumin and normal CRP level did not increase, which indicated the increased mortality of hypoalbuminemia was partly attributed to inflammation \[[@CR33]\]. In addition, this study showed that baseline globulin levels were higher in the low AGR group, and it could be interpreted by the increase of some acute phase proteins which indicated an inflammatory status in the PD patients. Serum IL-6 levels were higher in PD patients than healthy persons \[[@CR34]\], and plays a major role in the production of most acute phase proteins, such as CRP, fibrinogen, and so on \[[@CR35]\], which were important constituents of non-albumin proteins.

Numerous studies confirmed malnutrition was associated with all-cause mortality in PD patients \[[@CR36], [@CR37]\]. This study showed that AGR was positively correlated with some interrelated prognostic factors for malnutrition, including serum albumin, creatinine, and phosphorus, and negatively correlated with RDW, which has been demonstrated to be data reflecting malnutrition and inflammation, associated with an increased CVD mortality in PD patients in our previous study \[[@CR38]\]. As mentioned above, AGR may serve as an index of immunonutritional in PD patients.

Shifting to a prothrombotic environment might be another possibile mechanism responsible for the association between AGR and mortality. Tanahashi et al. found that a lower AGR was correlated with an increase in erythrocyte aggregability in cerebrovascular disease \[[@CR39]\]. Acute stroke patients with a low AGR appeared to experience a preponderance of recurrent vascular events. This suggested lower AGR represents a prothrombotic environment, in line with the findings reported herein. This study found a lower AGR was associated with a higher platelet count, which plays a key role in thrombosis, including erythrocyte aggregability, and was a risk factor of cardiovascular mortality in incident PD patients in our previous study \[[@CR40]\]. A lower AGR was associated with higher RDW, which suggests impaired blood flow, indicating prothrombotic.

There are some limitations to this study. Firstly, the confidence intervals in multivariate Cox regression analysis were wide, this might due to a relatively small sample because of a retrospective, single-center study. However, we performed a Cox regression power analysis, and the power of AGR based on our pragmatically obtained sample was \> 99% and \> 99% for the Cox regression model of all-cause and cardiovascular mortality, respectively. Secondly, due to the limitations of certain conditions, we had no available data of some specific inflammatory markers, such as cytokines. Finally, we only investigated the association of baseline AGR level and PD mortality. Changes of AGR over time, requires further study. We have excluded some potential bias caused by treatment modality. Patients on PD for the 2nd or 3rd time were excluded from this study. Exposure to dialysate over time would lead to hyperpermeability of peritoneal capillaries, resulting in a potential bias \[[@CR41]\]. PD patients who were transferred from HD were also excluded. The main reason for the transfer from HD to PD is because of cardiovascular disease \[[@CR42]\], which is a risk factor of PD mortality. After a period on HD, most patients lose their residual renal function (RRF) and in these adequate solute clearances and ultrafiltration could be difficult to achieve with PD. Additionally, patients who transferred from HD to PD had a higher rate of peritonitis, PD technique failure, and death \[[@CR43], [@CR44]\]. The association between AGR and patient's survival on HD needs to be explored in the future. More multi-center prospective studies including more patients are required to evaluate these findings.

Conclusion {#Sec10}
==========

In conclusion, a lower AGR was associated with higher CVD and all-cause mortality in PD patients, independently. Our results suggest that AGR may be a useful index in identifying patients on PD who are at risk for CVD and all-cause mortality.
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